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(57) ABSTRACT

In order to measure a pulse rate and an oxygen saturation of a
subject who 1s 1n an exercised state, each of two pulse wave
signals obtained from the subject 1s separated into a signal
component and a noise component. A frequency spectrum of
the signal component and a frequency spectrum of the noise
component are obtained. It 1s judged whether a body motion
ol the subject 1s occurred based on the frequency spectrum of
the signal component and the frequency spectrum of the noise
component. A pulsation frequency 1s determined based on the
judgment as to the body motion. The pulse rate 1s calculated
based on the pulsation frequency. The oxygen saturation 1s
calculated based on a ratio of spectra of the two pulse wave
signals corresponding to the pulsation frequency.
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METHOD AND APPARATUS FOR
MEASURING PULSE RATE AND OXYGEN
SATURATION ACHIEVED DURING
EXERCISE

BACKGROUND

The present 1invention relates to a pulse oximeter that 1s
suitable to be attached to a living body during exercise for
measuring a pulse rate and oxygen saturation (SpO,). The
present mnvention also relates to signal processing applicable
to even a case where a pulse cycle and a cycle ol noise due to
body motion induced by exercise become identical with or
similar to each other.

Various methods have already been proposed as a method
for separating a signal component and a noise component
from two signals measured from a single medium almost
simultaneously.

Under these methods, processing pertaiming to a frequency
domain and processing pertaining to a time domain are usu-
ally performed. In medical care, there have been known pulse
photometers including an apparatus called a photoelectric
sphygmograph for measuring a pulse wave and a pulse rate,
an apparatus for measuring oxygen saturation SpQO,, as mea-
surement of concentration of a light-absorbing substance
included 1n blood, an apparatus for measuring the concentra-
tion of abnormal hemoglobin, such as carbon monoxide
hemoglobin, Met hemoglobin, an apparatus for measuring
the concentration of injected pigment, and the like. Espe-
cially, the apparatus for measuring oxygen saturation SpQO, 1s
called a pulse oximeter.

The principle in the pulse photometer includes determining,
the concentration of atarget substance from a pulse wave data
signal that 1s obtained by causing a tissue of a living body to
reflect or allow transmission of light of a plurality of wave-
lengths, which exhibit different absorbing characteristic with
respect to the target substance, and continually measuring,
intensities of transmaitted or reflected light.

When noise 1s mixed into the pulse wave data, a correct
concentration cannot be calculated, which will incur the risk
of erroneous treatment. In the conventional pulse photometer,
in order to reduce noise, there has hitherto been put forward a
method for dividing a frequency band thereby determining a
correlation between two signals contained 1 each of the
divided frequency bands.

Japanese Patent No. 3270917 discloses a method for plot-
ting two pulse wave signals, which are determined from trans-
mitted light by 1rradiating a tissue of a living body with light
of two different wavelengths, with the amplitude of one pulse
wave signal being taken as a vertical axis and the amplitude of
the other pulse wave signal being taken as a horizontal axis;
determining a regression line of the signals; and determining
oxygen saturation of arterial blood and concentration of a
light-absorbing substance from the gradient of the regression
line.

With this configuration, enhanced precision of measure-
ment and a reduction 1n power consumption can be attained.
However, large amounts of calculations are still required 1n
order to determine a regression line and the gradient of the
regression line through use of large amounts of sampling data
pertaining to pulse wave signals of respective wavelengths.

Japanese Patent Publication No. 2003-135434 A proposes
a method that uses frequency analysis but includes determin-
ing a fundamental frequency of a pulse wave signal and
turther filtering the pulse wave signal by use of a filter
employing a harmonic frequency of the fundamental fre-
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quency 1n order to enhance precision rather than extracting a
pulse wave signal as in the conventional frequency analysis.

Japanese Patent Publication Nos. 2005-95581 A and 2003-
245574 A propose methods for separating noise from a signal
by use of a signal separation technique.

However, when noise due to the body motion of a subject,
which 1s ten times as large as a pulse wave 1n terms of an
amplitude ratio, 1s mixed, all of the above methods encounter
difficulty 1n calculating a pulse rate and oxygen saturation of
arterial blood, and further improvements have been desired.

Japanese Patent Publication No. 2007-83021 A proposes,
as an example of the improvements, a signal processing
method 1n which there 1s lessened load on calculation pro-
cessing for extracting a common signal component by pro-
cessing two signals of the same type which are almost simul-
taneously measured from a single medium.

However, even in the case of the techmques described 1n
the above publications, when the frequency ol noise due to the
body motion, such as exercise of a subject, becomes 1dentical
with or similar to the pulsation frequency and when the ampli-
tude of noise 1s large, a pulse rate cannot be measured accu-
rately.

SUMMARY

It 1s an object of the invention to provide a method and an
apparatus for measuring a pulse rate and oxygen saturation, 1n
which a noise component 1s separated {rom a signal compo-
nent 1n each of two signals which are almost simultaneously
measured from a medium; frequency spectra of the respective
components are obtained; a frequency, which 1s to be
employed for calculation of a pulse rate, 1s determined from a
relationship between the thus-obtained frequency spectra of
the signal component and the noise component and a rela-
tionship between peak frequencies of each harmonic wave
and peak frequencies of the fundamental wave, thereby cal-
culating a pulse rate; and oxygen saturation (SpQO,) 1s also
calculated with the determined frequency.

According to one aspect of the invention, there 1s provided
a method of measuring a pulse rate and an oxygen saturation
ol a subject who 1s 1n an exercised state, comprising;

separating each of two pulse wave signals obtained from
the subject 1nto a signal component and a noise component;

obtaining a frequency spectrum of the signal component
and a frequency spectrum of the noise component;

judging whether a body motion of the subject 1s occurred
based on the frequency spectrum of the signal component and
the frequency spectrum of the noise component;

determining a pulsation frequency based on the judgment
as to the body motion;

calculating the pulse rate based on the pulsation frequency;
and

calculating the oxygen saturation based on a ratio of spec-
tra of the two pulse wave signals corresponding to the pulsa-
tion frequency.

There may be configured that the pulsation frequency 1s
determined as a fundamental frequency of the signal compo-
nent, when 1t 1s judged that the body motion 1s not occurred.

The method may further comprise judging whether a first
difference between a first frequency at which the frequency
spectrum of the signal component has a maximum amplitude
and a second frequency at which the frequency spectrum of
the noise component has a maximum amplitude 1s no less than
a first prescribed value, when 1t 1s judged that the body motion
1s occurred. Here, the pulsation frequency 1s determined as
the first frequency when 1t 1s judged that the first difference 1s
no less than the first prescribed value.
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The method may further comprise judging whether a sec-
ond difference between the first frequency and one half of a
third frequency which 1s higher than the first frequency and at
which the frequency spectrum of the signal component has a
peak 1s less than a second prescribed value, when it 1s judged
that the first difference 1s less than the first prescribed value.
Here, the pulsation frequency 1s determined as the first fre-
quency when 1t 1s judged that the second difference i1s less
than the second prescribed value.

The method may further comprise judging whether a third
difference between the one half of the third frequency and a
fourth frequency at which the frequency spectrum of the
signal component has a second-maximum amplitude 1s less
than a third prescribed value, when the 1t 1s judged that the
second difference 1s no less than the second prescribed value.
Here, the pulsation frequency 1s determined as the fourth
frequency when 1t 1s judged that the third difference 1s less
than the third prescribed value.

The method may turther comprise judging whether a ratio
ol a previously-determined pulsation frequency to a fourth
difference between the previously-determined pulsation fre-
quency and the one half of the third frequency 1s less than a
tourth prescribed value, when 1t 1s judged that the third dii-
terence 1s no less than the third prescribed value. Here, the
pulsation frequency 1s determined as the one half of the third
frequency when 1t 1s judged that the ratio 1s less than the fourth
prescribed value.

According to one aspect of the invention, there 1s provided
an apparatus configured to measure a pulse rate and an oxy-
gen saturation of a subject who 1s 1n an exercised state, com-
prising;:

a separator, configured to separate each of two pulse wave
signals obtained from the subject into a signal component and
a noise component;

a spectra obtainer, configured to obtain a frequency spec-
trum of the signal component and a frequency spectrum of the
noise component;

a judge, configured to judge whether a body motion of the
subject 1s occurred based on the frequency spectrum of the
signal component and the frequency spectrum of the noise
component;

a pulsation frequency determinant, configured to deter-
mine a pulsation frequency based on the judgment as to the
body motion;

a pulserate calculator, configured to calculate the pulse rate
based on the pulsation frequency; and

an oxygen saturation calculator, configured to calculate the
oxygen saturation based on a ratio of spectra of the two pulse
wave signals corresponding to the pulsation frequency.

According to the mvention, intluence of noise due to the
body motion occurred during exercise 1s eliminated, thereby
enabling measurement of an accurate pulse rate.

When there 1s motion of venous blood or a tissue other than
arterial blood due to the body motion occurred during the
exercise of the subject, a signal of a frequency band 1nflu-
enced by the body motion 1s not used. Hence, accurate mea-
surement of oxygen saturation becomes feasible.

When the subject 1s 1n a rest state where no exercise 1s
performed, a conventional method (apparatus), such as a
zero-crossing method, that enables measurement of pulsation

with high temporal resolution can be selectively used in com-
bination. In that case, there can be obtained temporal resolu-
tion sufficient for measurement performed during the subject
being at rest 1n which a pulse rate 1s low. There 1s obtained
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4

suificient temporal resolution required to measure fluctua-
tions 1n a pulse rate for examination of an autonomic nerve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart showing processing performed in a
method and an apparatus of the invention.

FIG. 2 1s a table showing frequency spectra of a signal
component and a noise component dertved from pulse wave
signals of a subject in cases that a body motion of the subject
1S occurred;

FIG. 3 15 a table summarizing judgments for calculating a
pulse rate performed 1n the cases shown in FIG. 2.

FIG. 4 1s a flow chart showing detailed processing for
calculating the pulse rate.

FIG. 5 1s a block diagram showing a system 1n which a
measurement apparatus configured to execute a kinetic algor-
ism and a measurement apparatus configured to execute a
zero-crossing method are used in combination.

DETAILED DESCRIPTION OF EXEMPLIFIED
EMBODIMENTS

Exemplified embodiments of the invention will be
described below 1n detail with reference to the accompanying
drawings.

An overall configuration of data processing performed 1n a
method and an apparatus for measuring a pulse rate and
oxygen saturation according to the invention will be
described with reference to a processing tlowchart shown 1n
FIG. 1.

Each of two signals (IR, R) of the same type which are
almost simultancously measured from a single medium are
separated mto a signal component and a noise component
(step S1).

Frequency spectra of a signal component and a noise com-
ponent separated in step S1 are obtained by FF'T processing or
the like (step S2).

A pulsation frequency 1s calculated by a determination as
to whether or not there 1s body motion and the method which
1s described later 1n detail (step S3).

A pulse rate 1s calculated based on the pulsation frequency
obtained 1n step S3 (step S4).

Frequency spectra of the signals R and IR at the pulsation
frequency obtained in step S3 are calculated (step S5).

A ratio between the frequency spectra of R and IR at the
pulsation frequency obtained 1n step S3 1s calculated (step
S6).

Oxygen saturation (SpQO.,) 1s calculated from the ratio
between the spectrum of R and the spectrum of IR obtained in
step 6.

A pulsation frequency of the present invention 1s rendered
according to the following characteristics.

In addition to a fundamental wave, the spectra at the pul-
sation frequency measured from the medium include a sec-
ond harmonic wave, a third harmonic wave, and the like. The
second harmonic wave, the third harmonic wave, and the like,
appear at integral multiples of the fundamental wave ire-
quency. In ordinary cases, the amplitudes of the spectra
exhibit the property of becoming smaller 1n sequence of the
fundamental wave, the second harmonic wave, the third har-
monic wave.

When there 1s no body motion, arterial blood undergoes
pulsation, whereupon a change arises in the thickness of the
arterial blood. On the other hand, when there 1s body motion,
changes arise simultanecously in the thickness of arterial
blood and venous blood.
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The analysis (clarification) according to the present inven-
tion 1s performed on the basis of the following three view-
points.

(a) Which of arterial blood and venous blood 1s mainly moved
during body motion?

The signal component 1s generated by the arterial blood.
When the arterial blood 1s mainly moved during body motion,
the intluence of body motion appears 1n signal component.
When the venous blood 1s mainly moved during body motion,
the intluence of body motion appears 1n a noise component.
(b) Are the frequency of body motion and the pulsation fre-
quency i1dentical with each other, similar to each other, or
distinct from each other?

When the frequency of body motion and the pulsation
frequency 1dentical with each other or similar to each other,
the spectrum of the signal component cannot be separated
from the spectrum due to the body motion, and hence a single
peak spectrum tends to be obtained.

(¢) Is body motion strong or weak?

When body motion 1s strong, the motion of arterial blood
and venous blood becomes large. Hence, the amplitude of
spectrum induced by the body motion becomes larger. When
body motion 1s weak, the amplitudes of spectra of body
motion become smaller.

Examples 1n which, after each of signal components and
each ol noise components are separated from two signals (IR,
R) almost simultaneously measured from a medium to be
measured (subject body) that 1s moved, frequency spectra of
the components are determined 1n accordance with the above
three viewpoints will be described by reference to FIG. 2.

FIG. 2 shows a relationship between the frequency spec-
trum of the signal component and the frequency spectrum of
the noise component obtained when there 1s body motion. In
this figure, a solid line shows the frequency spectrum derived
from pulsation, and a dashed line indicates a frequency spec-
trum derived from body motion.

When two frequency spectra are the same, the signal com-
ponent cannot be separated from the noise component, and
the components are displayed as integrated spectra as shown
in (1), (4), (7), and (10) 1n FIG. 2.

In the case of a frequency spectrum derived from the pul-
sation and a frequency spectrum derrved from the body
motion have frequencies S1 and Sn which are almost the
same, the spectra cannot be completely separated from each
other. Even when the spectra are subjected to FF'T processing,

a single peak 1s exhibited. Hence, the frequency S1 per se
cannot be 1dentified as shown 1n (2), (5), (8), and (11) in FIG.

2.

Because both the arterial blood and the venous blood are
moved 1n accordance with the body motion, when the body
motion 1s large, the amplitude of a spectrum due to the body
motion becomes greater. In contrast, when body motion 1s
small, the spectrum due to the body motion becomes smaller.

In connection with twelve cases shown in FIG. 2, there 1s
provided the reason why the frequency S1 of the signal com-
ponent frequency spectrum can be determined to be the pul-
sation frequency.

Inthecases ol (6),(9),(12),(5),(8),and (11) shown 1n FIG.
2, since a signal peak frequency S1 at which the signal com-
ponent frequency spectrum has a maximum amplitude 1s
different from a noise peak frequency N at which the noise
component frequency spectrum has a maximum amplitude,
the frequency S1 can be determined to be the pulsation fre-
quency.

In the cases of (1), (4), (7), and (10) shown 1n FIG. 2, the
signal peak frequency S1 and the noise peak frequency N are
identical with each other. However, since a frequency peak S2
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that 1s double the frequency S1 1s present, the frequency S1
can be determined to be the pulsation frequency.

In the case of (3) 1n FIG. 2, the signal peak frequency Sn
and the noise peak frequency N are almost the same. How-
ever, there 1s no frequency peak that 1s double the signal peak
frequency Sn. Hence, the peak frequency Sn 1s not dertved
from the pulsation frequency and can be determined to be the
frequency derived from the body motion.

Since the peak 1s present at the frequency S2 which 1s
double of the s1ignal second-peak frequency S1, the frequency
S1 can be determined to be the pulsation frequency.

In the case of (2) 1n FIG. 2, the signal peak frequency Sn
and the noise peak frequency N are almost the same. How-
ever, there 1s no frequency peak that 1s double the signal peak
frequency Sn. Hence, the peak frequency Sn 1s not derived
from the pulsation frequency and can be determined to be the
frequency derived from the body motion. However, the fre-
quency S1 cannot be distinguished from the frequency Sn and
cannot be i1dentified as the pulsation frequency.

Accordingly, a frequency that 1s one-half the signal sec-
ond-peak frequency S2 1s compared with the pulsation fre-
quency determined by a previous determination. When a dii-
terence (change rate) falls within a prescribed range, the
one-half frequency of the signal second-peak frequency S2
can be determined to be the pulsation frequency. Here, the
prescribed range 1s such a change rate (e.g., 10%) that a pulse
rate can exhibit the maximum physiologic change between
the previous determination and the current determination.

The above judgments are summarized 1n FIG. 3. Since
examples labeled with the prionty levels 1 and 2, are cases
where there 1s no body motion, they are not included in the
cases (1) to (12) shown 1n FIG. 2.

Detailed procedures for calculating a pulse rate (PR) of the
present invention will be described by reference to a flowchart
shown 1n FIG. 4. This processing 1s referred to as a “method
for determining the pulsation frequency with a kinetic algo-
rithm.” A determination technique based on the tlowchart 1s
suitable for use 1n automatic determination processing per-
tformed by a computer that 1s incorporated 1n an apparatus for
measuring a pulse rate and oxygen saturation.

Two signals (IR, R) measured simultaneously from a
medium to be measured (subject body) are separated into a
signal component and a noise component. By FFT processing
or the like, frequency spectra of the respective components
are determined (step S1).

It 1s determined whether or not there 1s an IN (the spectrum
of the noise component due to the body motion) (step S12).

When the result of the determination 1n step S12 1s No, 151,
182, and 1S3, which are frequencies of a signal component
spectrum, are mtegral multiples, and heights of peaks of the
frequencies exhibit a relationship of IS1>152>183. It 15 also
determined whether or not a difference among the heights
talls within a range of £20% (step S13).

A determination performed 1n step S13 corresponds to an
FFT pattern in the case of the priority level 1 1n FIG. 3, and
peaks of the fundamental wave 1S1, the second harmonic
wave (152), and the third harmonic wave (1S3) satisty condi-
tions for 1S1>182>153.

When the result of the determination in step S13 1s Yes, the
fundamental wave 1581 1s designated as a pulsation frequency,
and a pulse rate (PR) 1s calculated as PR=60-151 (step S19).

When the result of the determination 1 step S13 1s No, 151,
182, and 183, which are frequencies of signal component
spectrum, are imntegral multiples, and peaks of the frequencies
exhibit a relationship of 1S1>153>1S2. It 1s also determined
whether or not a difference among the peaks falls within a

range of +20% (step S14).
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A determination performed in step S14 corresponds to an
FFT pattern 1in the case of the priority level 2 1n FIG. 3, and
peaks of the fundamental wave 151, the second harmonic
wave (152), and the third harmonic wave (1S3) satisiy condi-
tions for IS1>152>1S3.

When the result of the determination in step S14 1s Yes, the
tundamental wave 151 1s designated as a pulsation frequency,
and a pulse rate (PR) 1s calculated as PR=60-151 (step S19).

When the result of the determination 1n step S14 1s No or
the result of the determination 1n step S12 1s Yes, it 15 deter-
mined whether or not a relationship [1S1-1INI=zAfl [Hz] 1s
satisfied (step S15). Here, 1S1 designates the maximum
amplitude peak frequency of the signal component frequency
spectrum (signal peak frequency); and IN designates the
maximum amplitude peak frequency of the noise component
frequency spectrum (noise peak frequency). A value of Afl 1s;
for example, 0.25 [Hz].

A determination performed in step S135 corresponds to an
FFT pattern 1n the case of the prionty level 3 i FIG. 3,
namely, a case where a difference between the frequency 151
of the signal component S1 of the fundamental wave and the

frequency 1IN of the noise component 1s a prescribed value
(e.g., 0.25 Hz) or more as shown in the cases of (5), (6), (8),

(9), (11), and (12) in FIG. 2.

When the result of the determination 1n step S15 1s Yes, 151
1s designated as a pulsation frequency, and a pulse rate (PR) 1s
calculated as PR=60-151 (step S19).

When the result of the determination 1n step S15 1s No, 1t 1s
determined whether or not the relationships 11S1-1NI<Af1
|[Hz] and [151-152/2|<A12 [Hz] are satisiied (step S16). Here,
1S2 designates a frequency at which the signal component
frequency spectrum has a peak and that 1s higher than the
signal peak frequency 1S1. Values of Afl and Af2 are; for
example, 0.25 [Hz].

A determination rendered in step S16 corresponds to an
FFT pattern 1n the case of the prionty level 4 i FIG. 3,
namely, where a difference between the frequency 151 of the
signal component of the fundamental wave and the frequency
tN of the noise component is less than a prescribed value (e.g.,
0.25 Hz) and a difference between the signal peak frequency
tS1 and a one-half frequency of the frequency 152 of the
second harmonic wave S2 1s less than a prescribed value (e.g.,
0.25 Hz) as 1n the cases of (1), (4), (7), and (10) 1n FIG. 2.

When the result of the determination in step S16 1s Yes, 151
1s designated as a pulsation frequency, and a pulse rate (PR) 1s
calculated as PR=60-151 (step S19).

When the result of the determination 1n step S16 1s No, 1t 1s
determined whether or not the following relationships are
satisfied (step S17). Here, 1Sn designates the maximum
amplitude signal peak frequency; IN designates the maxi-
mum amplitude peak frequency of the noise component ire-
quency spectrum; 1S1 designates a frequency at which the
signal component frequency spectrum has a second peak; 152
designates a frequency at which the signal component fre-
quency spectrum has a peak and that 1s higher than the fre-
quency 1IS51; and 1S3 designates a frequency at which the
signal component frequency spectrum has a peak and that 1s
higher than the frequency 1S2.
fSn—-fNI<Af1 [Hz];
fSn-182/21=A12 [Hz];
fSn—-1S3/21=A12 [Hz]; and
fS1-1S2/21<Af2 [Hz]

A determination performed in step S17 corresponds to an
FFT pattern 1n the case of the prionty level 5 i FIG. 3,
namely, a case where a difference between the frequency 1Sn
of the noise (body motion) Sn appearing in the signal com-
ponent frequency spectrum 1n the case (3) in FIG. 2 and the
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frequency IN of the noise component N i1s less than a pre-
scribed value (e.g., 0.25 Hz), and where a difference between
the frequency 1Sn and a one-half of the frequency 152 of the
signal component of the second harmonic wave S2 1s a pre-
scribed value (e.g., 0.25 Hz) or more.

Moreover, the determination corresponds to a case where a
difference between the frequency fSn and a one-half of the
frequency 153 of the signal component of the third harmonic
wave S3 1s a prescribed value (e.g., 0.25 Hz) or more, and
where a difference between the frequency 151 of the signal
component S1 of the fundamental waveform and the one-half
of the frequency 182 1s less than a prescribed value (e.g., 0.25
Hz).

When the result of the determination in step S17 1s Yes, 151

1s designated as a pulsation frequency, and a pulse rate (PR ) 1s
calculated as PR=60-151 (step S19).

When the result of the determination in step S17 1s No, 1t 1s
determined whether or not the following relationships are
satisfied (step S18). Here, “I” designates a pulsation ire-
quency obtained 1n the previous determination. A prescribed
value “r” 1s, for example, 10%.
fSn—fNI<Afl [Hz];

ISn—-152/2|=zA12 [Hz];
fSn—-183/21<A12 [Hz];
182/2—11/1<r [%]

A determination performed 1n step S18 corresponds to an
FFT pattern 1n the case of the priority level 6 1n FIG. 3,
namely, a case where a difference between the frequency 1Sn
of the noise (body motion) Sn appearing in the signal com-
ponent frequency spectrum in the case of (2) n FI1G. 2 and the
frequency IN of the noise component N 1s less than a pre-
scribed value (e.g., 0.25 Hz), and where a difference between
the frequency 1Sn and a one-half of the frequency 152 of the
signal component of the second harmonic wave S2 1s a pre-
scribed value (e.g., 0.25 Hz) or more.

Moreover, the determination corresponds to a case where a
difference between the frequency i{Sn and a one-half fre-
quency of the frequency 1S3 of the signal component of the
third harmonic wave S3 1s a prescribed value (e.g., 0.25 Hz) or
more, and where a ratio of the previous pulsation frequency
“1” to a difference between the one-half of the frequency 152
and the previous pulsation frequency “1” 1s less than a pre-
scribed value (e.g., 10%).

When the result of the determination 1n step S18 1s Yes,
182/2 1s designated as a pulsation frequency, and a pulse rate
(PR) 15 calculated as PR=60-152/2 (step S20).

When the result of the determination 1n step S18 1s No, a
pulsation frequency 1s not determined, and processing returns
to step S12.

The flowchart shown 1n FIG. 4 shows processes up to
calculation of a pulse rate. However, oxygen saturation
(SpO,) 1s obtained by calculating a ratio between the two
signals (IR, R) that have been almost simultaneously mea-
sured from a medium at the pulsation frequency used for
calculating a pulse rate.

FIG. 5 shows an example 1n which the “method for deter-
mining a pulsation frequency with a kinetic algorithm™ of the
present mvention and calculation of a pulse rate under the
conventional “zero-crossing method” are used 1n combina-
tion.

In FIG. 5, a measurement apparatus 1 operable to perform
the “method for determining a pulsation frequency deter-
mined by a kinetic algorithm™ and a measurement apparatus
2 operable to perform the “zero-crossing method™ are used 1n
combination. A selector 3 1s configured to select an output
from the measurement apparatus 1 when body motion 1is
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detected, and an output from the measurement apparatus 2
when body motion 1s not detected.

With the above configuration, when motion of a tissue
other than arterial blood or motion of venous blood due to the
body motion 1s detected, a signal of frequency band derived
from the body motion is not used. Hence, accurate measure-
ment of oxygen saturation can be attained. On the other hand,
when body motion 1s not detected, the conventional measure-
ment method (apparatus) that enables measurement of pulsa-
tion with high temporal resolution, such as a zero-crossing,
method, can be selectively used. In such a case, temporal
resolution sufficient for performing measurement during a
resting period where a pulse rate 1s low 1s acquired. Moreover,
temporal resolution required to measure fluctuations 1n pulse
rate for examination of an autonomic nerve 1s acquired.

Although only some exemplary embodiments of the inven-
tion have been described 1n detail above, those skilled 1n the
art will readily appreciated that many modifications are pos-
sible 1n the exemplary embodiments without materially
departing from the novel teachings and advantages of the
invention. Accordingly, all such modifications are intended to
be included within the scope of the invention.

The disclosure of Japanese Patent Application No. 2007-
187884 filed Jul. 19, 2007 including specification, drawings
and claims 1s incorporated herein by reference in 1ts entirety.

What 1s claimed 1s:

1. A method of measuring a pulse rate and an oxygen
saturation of a subject who 1s 1n an exercised state, compris-
ng:

separating each of two pulse wave signals obtained from

the subject into a signal component and a noise compo-
nent;
obtaining a frequency spectrum of the signal component
and a frequency spectrum of the noise component;

judging whether a body motion of the subject 1s occurred
based on the frequency spectrum of the signal compo-
nent and the frequency spectrum of the noise compo-
nent;

determining a pulsation frequency based on the judgment

as to the body motion;

calculating the pulse rate based on the pulsation frequency;

and

calculating the oxygen saturation based on a ratio of spec-

tra of the two pulse wave signals corresponding to the
pulsation frequency.

2. The method as set forth 1in claim 1, wherein:

the pulsation frequency 1s determined as a fundamental

frequency of the signal component, when 1t 1s judged
that the body motion 1s not occurred.

3. The method as set forth i claim 1, further comprising;:

judging whether a first difference between a first frequency

at which the frequency spectrum of the signal compo-
nent has a maximum amplitude and a second frequency
at which the frequency spectrum of the noise component
has a maximum amplitude 1s no less than a first pre-
scribed value, when 1t 1s judged that the body motion 1s
occurred, wherein:

10

15

20

25

30

35

40

45

50

55

10

the pulsation frequency 1s determined as the first frequency
when 1t 1s judged that the first difference 1s no less than
the first prescribed value.

4. The method as set forth 1n claim 3, further comprising:

judging whether a second difference between the first fre-
quency and one half of a third frequency which 1s higher
than the first frequency and at which the frequency spec-
trum of the signal component has a peak 1s less than a
second prescribed value, when 1t 1s judged that the first
difference 1s less than the first prescribed value, wherein:

the pulsation frequency 1s determined as the first frequency
when 1t 1s judged that the second difference 1s less than
the second prescribed value.

5. The method as set forth 1n claim 4, further comprising:

judging whether a third difference between the one halt of
the third frequency and a fourth frequency at which the
frequency spectrum of the signal component has a sec-
ond-maximum amplitude 1s less than a third prescribed
value, when the 1t 1s judged that the second difference 1s
no less than the second prescribed value, wherein:

the pulsation frequency 1s determined as the fourth fre-
quency when 1t 1s judged that the third difference 1s less
than the third prescribed value.

6. The method as set forth in claim 35, further comprising;:

judging whether a ratio of a previously-determined pulsa-
tion frequency to a fourth difference between the previ-
ously-determined pulsation frequency and the one half
of the third frequency is less than a fourth prescribed
value, when 1t 1s judged that the third difference 1s no less
than the third prescribed value, wherein:

the pulsation frequency 1s determined as the one half of the
third frequency when 1t 1s judged that the ratio 1s less
than the fourth prescribed value.

7. An apparatus configured to measure a pulse rate and an
oxygen saturation of a subject who 1s 1 an exercised state,
comprising;

a separator, configured to separate each of two pulse wave
signals obtained from the subject mto a signal compo-
nent and a noise component;

a spectra obtainer, configured to obtain a frequency spec-
trum of the signal component and a frequency spectrum
of the noise component;

a judge, configured to judge whether a body motion of the
subject 1s occurred based on the frequency spectrum of
the signal component and the frequency spectrum of the
noise component;

a pulsation frequency determinant, configured to deter-
mine a pulsation frequency based on the judgment as to
the body motion;

a pulse rate calculator, configured to calculate the pulserate
based on the pulsation frequency; and

an oxygen saturation calculator, configured to calculate the
oxygen saturation based on a ratio of spectra of the two
pulse wave signals corresponding to the pulsation fre-
quency.
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